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NASA SEMI-ANNUAL PROGRESS REPORT 

The U n i v e r s i t y  of  Wisconsin T h e o r e t i c a l  Chemistry I n s t i t u t e  i s  a n  

i n t e g r a l  p a r t  o f  t h e  Department of Chemistry and has  e x c e l l e n t  vcrlcing 

a r rcngements  w i t h  t h e  Phys ics ,  Mathematics,  Cooiputer Sc iences  and 

v a r i o u s  Eng inee r ing  Dept r tments .  Mcst o f  t h e  permancnt s t a f f  members 

hold  j o i n t  appoin tments  w i t h  t h e s e  depar tments .  I n  a d d i t i o n  t o  t h e i r  

r e sea rch ,  t h e s s  s t a f f  members c a r r y  norma 1 t e a c h i n g  loads  and t a k e  

t h e i r  t e a c h i n g  r e s p o n s i b i l i t i e s  very  s e r i o u s l y .  I n  a d d i t i o n  t o  

g r a d u a t e  cour ses ,  t h e y  a l s o  t each  undergraduate  cour ses  i n  e lementary  

p h y s i c a l  chemis t ry  ( l a b o r a t o r y  a s  w e l l  a s  l e c t u r e ) ,  thermodynamics 

and r e a c t i o n  k i n e t i c s .  We b e l i e v e  t h a t  ou r  t each ing  program i n  

t h e o r e t i c a l  chemis t ry  i s  one o f  t he  b e s t .  

. A s  a r e s u l t  o f  t h e  NASA gran t ,  t h e  U n i v e r s i t y  o f  Wisconsin has  

been a b l e  t o  expand i t s  t h e o r e t i c a l  chemis t ry  f a c u l t y .  We have n o t i c e d  

t h a t  t h e  s h a r p  improvement i n  t h e  c a l i b e r  of new g radua te  s t u d e n t s  and 

t h e  q u a l i t y  of a p p l i c a n t s  o f  p o s t d o c t o r a l  appointments  a t  t h e  T h e o r e t i c a l  

Chemistry I n s t i t u t e  i s  con t inu ing .  I n  a d d i t i o n ,  a number o f  eminent 

p r o f e s s o r s  a r e  choos ing  t o  come t o  Wisconsin bo th  f o r  summer leaves and 

f o r  s a b b a t i c a l  y e a r s  i n  o r d e r  t o  take advantage  o f  t h e  o p p o r t u n i t i e s  

a v a i l a b l e  a t  t h e  T h e o r e t i c a l  Chemistry I n s t i t u t e .  

A t  t h e  p r e s e n t  t i m e ,  w e  have 2 p r o f e s s o r s  o f  chemis t ry ,  1 p r o f e s s o r  

of phys ic s ,  1 a s s o c i a t e  prGfessor  o f  phys ics ,  1 a s s o c i a t e  p r o f e s s o r  o f  

chemis t ry ,  1 a s s i s t a n t  p r o f e s s o r  o f  chemis t ry ,  and 1 v i s i t i n g  a s s o c i a t e  

p r o f e s s o r  o f  chemis t ry  (June I, 1973 - September 30, 1973). We have 

1 p o s t d o c t o r a l  a s s o c i a t e ,  and 13 g r a d u a t e  s t u d e n t s ,  i n c l u d i n g  6 r e s e a r c h  

a s s i s t a n t s  ( suppor ted  by WSA funds),  6 r e s e a r c h  a s s i s t a n t s  ( suppor ted  

by NSF funds) ,  and 1 t e a c h i n g  a s s i s t a n t  (U.W.-supported). These do n o t  
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i n c l u d e  t h e  exper imenta l  s t u d e n t s  and p o s t d o c t o r a l  a s s o c i a t e s  workj.ng 

under  P r o f e s s o r  Iiarriman. 

A t  t h i s  time b e f o r e  reviewing t h e  p rogres s  o f  t he  l a t e s t  semi- 

annua l  per iod ,  w e  wan t  t o  express ou r  a p p r e c i a t i o n  t o  t h e  N a t i o n a l  

Aeronau t i c s  and Space Admin i s t r a t ion  (NASA) f o r  p rov id ing  t h e  

T h e o r e t i c a l  Chemistry I n s t i t u t e  wi th  t h e  o p p o r t u n i t y  f o r  deve loping  a n  

e x c e l l e n t  t e a c h i n g  and r e s e a r c h  program. Although NASA has  n o t  con- 

t r i b u t e d  any  "new" money t o  t h e  suppor t  of t h e  T h e o r e t i c a l  Chemistry 

I n s t i t u t e  s i n c e  1970, w e  have m d e  u s e  of t h e  "sh ingl ing"  funds i n  our 

g r a n t  t o  c o n t i n u e  w i t h  our  NASA-supported r e s e a r c h .  The U n i v e r s i t y  of  

Wisoozsin has  a l s o  l i b e r a l l y  c o n t r i b u t e d  t o  t h e  program of t h e  members, 

awarding t e a c h i n g  a s s i s t a n t s h i p s  and g r s d u a t e  f e l lowsh ips  t o  =any of 

our  g r a d u a t e  s t u d e n t s  and provid ing  v e r y  e x c e l l e n t  computing f a c i l i t i e s .  

We a re  indeed  f o r t u n a t e  t h a t  t h e  N a t i o n a l  Sc ience  Foundation has  

been h e l p i n g  t o  f i n a n c e  ou r  r e sea rch  s i n c e  f i s c a l  1970 when NASA s topped  

g i v i n g  us a d d i t i o n a l  f i n a n c i a l  suppor t .  The "sh ingl ing"  funds which 

NASA had a l r e a d y  a p p r o p r i a t e d  t o  our g r a n t  a r e  h e l p i n g  a g r e a t  d e a l  t o  

make t h i s  t r a n s i t i o n  p o s s i b l e .  
( 
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RESEARCH INTERESTS OF THE THEORETICAL CHEMISTRY INSTITUTE STAFF 

There  i s  a wide range  of  r e s e a r c h  a t  t h e  T h e o r e t i c a l  Chemistry 

I n s t i t u t e .  S a u l  T. Eps t e in ,  P h i l l i p  R. C e r t a i n  and Joseph 0 .  

H i r s c h f e l d e r  a r e  c u r r e n t l y  working on molecular  and i n t e r m o l e c u l a r  

quantum mechanics problems. C.  F. C u r t i s s  i s  concerned w i t h  t h e  

t h e o r y  of s t a t i s t i c a l  mechanics, t r a n s p o r t  p r o p e r t i e s ,  and molecular  

c o l l i s i o n s .  

and quantum mechanical  d e n s i t y  ma t r i ces .  

of t h e  d e t a i l e d  i n t e r e s t s  o f  each of t h e  s t a f f  members. 

John E.  Harriman i s  working on e l e c t r o n  s p i n  resonance  

The fo l lowing  i s  a summary 
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TITLE OF PROJECT: 

THE SPONTANEOUS I O N I Z A T I O N  OF A HYDROGEN ATOM I N  AN ELECTRIC FIELD 

Artu ro  Hardisson ,  V i s i t r n g  Assoc ia t e  P ro fes so r ,  T h e o r e t i c a l  Chemistry I n s t i t u t e  

A l b e r t  Chr i s toph ,  Research A s s i s t a n t ,  T h e o r e t i c a l  Chemistry I n s t i t u t e  
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or these puiposcs.  (Please l n c l l c e t e  the riukber of s t u d e n t s  sgpI>orted t i l l s  pro jec t .  ) 

C u r r e n t l y  w e  aye cons ide r ing  t h e  
e f f e c t s  of r e l a t i v i s t i c  i n t e r a c t i o n s  vhich a r i s e  i n  t h e  Dirac Hamiltoklian t o g e t h e r  w i th  
p o s s i b l e  r a d i a t i v e  p rocesses .  
on t h e  l i f e t i m e  of some of t h e  quantum s t a t e s  s i n c e  t h e s e  c o r r e c t i o n s  des t roy  the  
s e p a r a b i l i t y  of the  system i n  p a r a b o l i c  c o o r d i n a t e s .  
c u l a t e  t h e  e n e r g i e s  and l i f e t i m e s  cor responding  t o  t h e  e l e c t r o s t a t i c  Hamil tonian.  
We have cornpieced the foriiizi? aspec ts  nf t h e  r e l a t i v i s t i c  c o r r e c t i o n s  and w i l l  s o o n '  
s t a r t  t h e  a c t u a l  computing machine c a l c u l a t i o n s .  

T h i s  r e s e a r c h  h a s  been going on f o r  a long t i m e .  

The r e l a t i v i s t i c  c o r r e c t i o n s  may have a profound change 

A t  t h e  p r e s e n t  t i m e  we can c a l -  

' 

The f i r s t  phase of t h i s  work'was 'published by Joseph 0.  HirschfcLder  and La r ry  
C u r t i s s  i n  t h e  J o u r n a l  of Chemical Physics  55, 1395 (1971) .  
p repared  a p re l imina ry  repor! (WIS-TCI-445G) e n t i t l e d  "Square Well  Model C a l c u l g t i o n s  
of Rate I o n i z a t i o n  of Metas t ab le  Atomic S t a t e s " ,  which p rov ides  a s i m p l e  i d e a l i z a t i o n  
of t h e  hydrogen atom spontaneous i o n i z a t i o n  and shows i n  a s i m p l e  ~7ay e x a c t l y  how 
t h e  Wigner-Weisskopf.mode1 works and what are i t s  l i m i t a t i o n s .  T h i s  r e s e a r c h  should 
be of c o n s i d e r a b l e  i n t e r e s t  wi th '  r e s p e c t  t o  t h e  spec t roscopy .o f  S t e l l a r  a tmospheres .  

I n  June 1971, George Har t  
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quantum mechanical or generalized WKB methods for treating both reactive and non- 
reactive molecular collisions. 
use of the stationary phase approxiination (or method of steepest descent). 
approximation has the effect of approximating "wave" optics by "ray" optics. In optics 
and in microwaves, it is recognized that the stationary FhaSe assumption is valid when 
tne wave length is smal l  compared to the d i m n s i o n s  of the optical system. The question 
is how valid is its use in molecular collisions where the wave packets are quite diffuse 
and the deBroglie wave length is rapidly varying. 

(Please ~.na~cc.tc? the number of s t u d e n t s  supported by this projec t  .) 
. There is considerable interest at the present time in the use of semi-classical 

One of the principle approxirnatlons involved is the 
This 

We have made exact calculations of Debye-Picht wave packets hitting a simple, two- 
dimensional, plane barrier an$ found that the stationary phase approximation accurately 
gives t h e  displacement of the reflected and the transmitted waves. The displacement of 
the reflected wave corresponds to the Goos-Hdnchen effect in optics, and the transmitted 
wave corresponds to the "frustrated total reflection" effect in optics. 

In the course of this work we have discovered a family of quantized vo.rtices.which 
will require further investigation. 
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(Please L l - ~ d l C z t c  the number of students  suppor t ed  by t h i s  project  ,) 

For some t i m e  w e  have cons idered  t h e  theo ry  of r o t a t i o n a l  e x c i t a t i o n  i n  c o l l i s i o n s  - 
of d i a tomic  molecules .  These r e s b l t s  have now been g e n e r a l i z e d  t o  t h e  s c a t t e r i n g  of 

‘po lya tomic  molecu. les , .and w e  have considered i n  pa r tYcu la r  t h e  s p e c i a l  ca se  of symmetric 
- t o p  molecules  i n  which t h e  moment of i n e r t i a  ab&t the ~ y i ~ ~ e t r y  a ~ i s  IS - m a l l .  The 
s c a t t e r i n g  o f  such molecules  was cons idered  by a . . p e r t u r b a t i o n  method based on t h e  s c a t -  
t e r i n g  of d i a tomic  mo.lecuIes. The formal p e r t u r b a t i o n  development is d i scussed  i n  a 
p a p e r  which r e c e n t i y  appeared i n  t h e  joiirrial cf Chezical Phys ic s .  I n  t h i s  p a p e r - a  
d i s t o r t e d  wave approximat ion  f o r  the T-matrix for 'atom-symmetric top  s c a t t e r i n g  i s  
developed which i s  c o r r e c t  t o  f i r s t  o rde r  i n  t h e  par t .  of t h e  i n t e r a c t i o n - p o t e n t i a l  

w i th  symmetry axis.  I n  a more r e c e n t  r e p o r t ,  WIS-TCI-499, which has  been accepted  
fwh ich  l e a d s  t o  t r a n s i t i o n s  i n  t h e  component of t h e  r o t a t i o n a l  atom momentum a l o n g  

of Chemical Phys ics ,  a s e m i - c l a s s i c a l  approximaLion f o r . p u b l i c a t i o n  i n  t h e  J ou rna l  
t o  t h i s  T-mat r ix  i s  d e r i v e d .  

. .  
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The 1 / Z  expansion f o r  a tomic -b ind ing  e n e r g i e s  i s  of t h e  form 
2 2 

. .  E = Z (Eo + E1/Z + E 2 / Z  + . . . ) -. 
. We a r e  c o n s i d e r i n g  t h e  t h r e e - e l e c t r o n  i s o e l e c t r o n i c  series and w i ' l l  compute the 

c o e f f i c i e n t s  , E5 f o r  t h e  ground and low-lying e x c i t e d  s a t e s .  We , 

w i l l  a l s o  
of  a tomic  p r o p e r t i e s  o t h e r  t han  t h e  energy.  

i u s  of convergence of  t h e  series, and t h e  Z-' expansion 

.. - , 
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We are calculating self-consistent-field dipole moments of molecules in singlet 
and .triplet excited states 
predictions of t he  results 

with the aim of developing rules of thumb which allow 
basis of the ground state properties of the molecule. on the 
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John 0. Eaves, Research A s s i s t a n t ,  T h e o r e t i c a l  Chemistry I n s t i t u t e  ,. 

HAME A N D  ~ , U D ~ E S S  O r  lNSTITUTIO)(: 

T h e o r e t i c a l  Chemistry I n s t i t u t e ,  Un ive r s i ty  of Wisconsin-Madison, 1101 U n i v e r s i t y  A\-e.nue, 

During t h i s  p e r i o d  I have cont inued  t o  be  concerned w i t h  my book (The V a r i a t i o n  
Method i n  Quantum Chemistry) which is  now i n  t h e  proof r e a d i n g  s t a g e .  

Also John Eaves, a p r e - d o c t o r a i  s t u d e n t ,  has s t a r t e d  t o  work w i t h  ne on a 
mathemat ica l  p rob len  which arises i n  many SCF approximat ions .  
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DENSITY MATRICES AND S P I N  PROPERTIES 
- 
Give nc:ncs, deportmentr, and oi(icioi  fitler crl I'RINCIPAL IHYCSTIGATORS ond ALL OPbiEP PRCFtSSlOiIAL f'ERSO:lN LL cngoged C'I the Drolrct. 

John E. Harriman, Associate Professor, Theoretical Chemistry Institute 

, HAHE A N D  A O D R E S S  DF IUSTITUTIOH:  
1 University of Wisconsin, Theoretical Chemistry Institute, 1101 University Aven.ue, 
i Madison, Wisconsin 53706 ' - - 

$d!?.UhKY OF f-'EOPOSED U:'ORl< - (233 rn tds  or (CIS.) - In the Scicnco Inlorciorion Exchonqr s m m o r i c s  of work in progress ore cxchangcd vrilh 
~ ~ c m m t n t  o,,J pr ivoie  6 - c r c i e r  suppqriing.rcsetfch, ond or5 iDn-ordcd 13 invcsti9ri:srs who r c q u c s ~  such inlormation. Your .surr;mory i s . t o  be uscd pol l:,e,c (Please L i > U l c z t C  the number of srudcnzs supported by this p r o j e c t ,  ) 
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Work is not currently being supported by NASA. Several projects represent 
a continuation of work which has previously received some NASA support. 

1. Theory and properties of reduced debit57 matrices. Particular attention 
is now being given t o  symmetry properties, and to the geometric characterization 
of the subspace of density matrices within'the space of Hermitian, trace 1 matrices. 

2 .  Calculations are being done on the thtee-electron system and LiH' with 
particular attention to the may in which spin density distributions change with 
changing internuclear 'distance. (?ortorelli) 
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John D e t r i c h ,  P r o j e c t  Assoc ia t e ,  T h e o r e t i c a l  Chemistry I n s t i t u t e  * .  

. _  

H A I I E  A N D  A D D R E S S  OF INSTITUTION: 

T h e o r e t i c a l  Chemistry . I n s t i t u t e ,  Unive ' rs i ty  of Wisconsin-Madison, 1101 U n i v e r s i t y '  Avenue, 
Madison. Wizconsm 53706 

Po, 
Sll!.tClhKY OF f'p.OPOSED YiC\ !? l<  - (2% t n r d s  tr less.)  - In  the Scicnco In[ormotion Exchcnge svmmorics of v e r i (  in progress crc cxchonged with 

2 v e n n i ~ l  ond privolc t - e r c i e ~  sup,qrling,resecjrch, cnd o r 0  l o w a r d e d  13 inucsligotots who reqilesl such information. Your svmmory i s - t o  bc uscd 
(Please inulczte  the I-urnher of S t u d e n t s  s u p p o r t e d  by this proJcct .  ) 

I am working on a problem which I s t a r t e d  i n  c o l l a b o r a t i o n  w i t h  P r o f e s s o r  C. C.  J. 
Roothaan a t  t h e  U n i v e r s i t y  of Chicago; I developed a formalism s u i t a b l e  f o r  t h e  t r e a t m e n t  
of re la t iv i s t ic  e f f e c t s  i n  complex atoms and molecules .  
t rea t  many o f  t h e  h igher -order  r e l a t i v i s t i c  e f f e c t s  which are n o t  i nc luded  i n  t h e  Breit-  
P a u l i  approximat ion .  However, some h igher -order  e f f e c t s  w e r e  omi t t ed  by avo id ing  second 
q u a n t i z a t i o n o f  t h e  e l e c t r o n  f i e l d .  
such  e f f e c t s .  
s t r u c t u r e  i n  molecules  and t o  second-order e f f e c t s  i n  NMR and ESR. 

Th i s  formalism can b e  used t o  

I a m  c u r r e n t l y  ex tend ing  t h e  formalism t o  i n c l u d e  
T h i s  work should  b e  of g r e a t  i n t e r e s t  t o  t h e  unders tanding  of hype r - f ine  
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S W ~ I R S  OF =SEARCH AT THE THEORETICAL CHEMISTRY INSTITUTE 

DURING THE PERIOD 1 JULY 1973 TEROUGII 31 DECEMBER 1973 
'\ 

THERMODYIJAMIC FUNCTIONS OF MOLECULAR HYDROGEN FROM A3 I N I T I O  ENERGY 
LEVELS by R. Kos lo f f ,  R. D. Levine, and R. B. B e r n s t e i n  
WIS-TCI-493 (suppor ted  by NASA) 
T h i s  manuscr ip t  has  been accepted 

- 
9 J u l y  1973 

f o r  p u b l i c a t i o n  i n  Molecular  Phys ic s .  

ABSTRACT 
! 

A t a b u l a t i o n  i s  p resen ted  of  t h e  thermodynamic p r o p e r t i e s  of 

molecu la r  hydrogen (H2, D2 and HD),  c a l c u l a t e d  u s i n g  energy l e v e l s  

which had been ob ta ined  via  a s o l u t i o n  of t h e  SchrGdinger equa t ion .  

The p r e s e n t  r e s u l t s  should  be more accurate than  p r i o r  computat ions 

based  on s p e c t r o s c o p i c  e x t r a p o l a t i o n  formulas .  They p rov ide  t h e  f i r s t  

example of an a c c u r a t e  de t e rmina t ion  of a bulk, macroscopic  p r o p e r t y  

d i r e c t l y  from f i r s t  p r i n c i p l e s  ( i n p u t :  masses and Coulomb's law). 

The r e s u l t s  are t a b u l a t e d  f o r  o r t h o ,  p a r a ,  t h e  e q u i l i b r i u m  and 

t h e  f r o z e n  (o r  "normal") mixture  (3:l f o r  H2 ,  1 :2  f o r  D2)  ove r  t h e  

t empera tu re  r ange  5-300'K and f o r  t h e  f r o z e n  mix tu re  up t o  6000'K. 

The importance of anharmonici ty  and of quasibound l e v e l s  a t  h igh  

t empera tu res  i s  d i scussed .  
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ANALYSIS OF ENERGY DISPOSAL,: THERNODYNAMIC ASPECTS OF THE ENTROPY 
DEFICIENCY OF A PRODUCT STATE DISTRIBUTION by X. D. Levine and 
R. B. B c r n s t e i n  
WIS-TCI-494 (suppor ted  by NASA) 13 J u l y  1973 
Chem. Phys.  L e t t .  - 22, 217-221 (1973).  

A thermodynamic-like approach to t h e  c h a r a c t e r i z a t i o n  of product  

s tate d i s t r i b u t i o n s  i s  o u t l i n e d .  A moment: a n a l y s i s  of t h e  s u r p r i s a l  

' and  t h e  en t ropy  d e f i c i e n c y  i s  p r e s e n t e d  from a s t a t i s t i ca l  mechanica l  

v i e q o i n t .  

t h e  "state f u n c t i o n "  p r o p e r t y  of t h e  en t ropy .  

The r o l e  of r e a c t a n t  s tate s e l e c t i o n  i s  d i s c u s s e d  u s i n g  

ANALYSIS OF MOLECULAR COLLISIONS : INFORMATION-THEOmTIC APPROACH 
by R. D. Levine 
WIS-TCI-495 (suppor ted  by NASA) 13  J u l y  1973 
Pub l i shed  i n  Proceedings  V I 1 1  ICPEAC (1973).  

DIATOMIC INTERHALOGENS: SYSTEMATICS AND IMF'LICATIONS OF SPECTROSCOPIC 
INTERATOMIC POTENTIALS AND CURVE CROSSINGS by M. S.  Ch i ld  and R. B. 
B e r n s t e i n  
WIS-TCI-497 (Supported by NASA) 20 J u l y  1973 
This manusc r ip t  has been accepted  
Chemical Phys ic s  

f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of 

ABSTRACT 

Spectroscopically-derived p o t e n t i a l  cu rves  f o r  the  low-lying e x c i t e d  

states of t h e  homonuclear and h e t e r o n u c l e a r  d i a tomic  i n t e r h a l o g e n s  are 

s y s t e m a t i z e d  by t a k i n g  cognizance of t h e  s p i n - o r b i t  s ta te  of  t h e  
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d i s s o c i a t i o n  p roduc t s .  Observed r e g u l a r i t i e s  l e a d  t o  t h e  p r e d i c t i o n  of  a 

bound B ( 3n0+) 

of t h e  h e t e r o n u c l e a r  i n t e rha logens  show evidence  of a s t r o n g  i n t e r a c t i o n  

between t h e  B(3Ho+) s t a t e  and a r e p u l s i v e  Y ( 0  ) s t a t e ,  l e a d i n g  t o  t h e  

format ion  of a new B'(O+) s t a t e .  An a n a l y s i s  of t h e s e  i n t e r a c t i o n s  has  

l e d  t o  t h e  c o n s t r u c t i o n  of sets of d i a b a t i c  p o t e n t i a l s  c o n s i s t e n t  w i t h  t h e  
b e s t  e s t i m a t e d  a d i s b a t i c  curves ,  and t h u s  t3 t h e  de t e rmina t ion  of t h e  
c r o s s i n g  p o i n t s  r and i n t e r a c t i o n  s t r e n g t h s  V12(r , )  . The p a t t e r n  of 

V12(r,) 

c o n s t a n t  of t h e  e x c i t e d  atomic d i s s o c i a t i o n  product;. Reported a l s o  are 

r e p u l s i v e  segmeiits of p o t e n t i a l  cu rves  deduced f o r  t h e  Y ( 0  ) states ,  f o r  

a series of 'II states and a f e w  h ighe r - ly ing  (Z>  states,  t h e  l a t te r  two 

series from a n a l y s i s  of e x i s t i n g  continuum a b s o r p t i o n  d a t a .  Repuls ive  

i n t e r a c t i o n s  i n  a l l  f o u r  f a m i l i e s  of s ta tes  s t u d i e d  'IIl , Y(0') 

and Z ) show c l e a r  r e g u l a r i t i e s  governed by s ter ic  e f f e c t s .  I m p l i c a t i o n s  

of t h e  p r e s e n t  r e s u l t s  w i t h  respect t o  t h e  theo ry  of i n t e r a t o m i c  f o r c e s ,  

p r e d i s s o c i a t i o n  phenomena and the  s c a t t e r i n g  of ground s ta te  halogen atoms 

.are d i scussed .  

._ 1 
s t a t e  o f  P with r '  = 1 . 9 ,  2, D' 2 3300 cm . S e v e r a l  2 e e 

4- 

x 

v a l u e s  sugges t  thar: they depend mainly upon t h e  s p i n - o r b i t  coup l ing  

+ 

(3110+ 

CLASSICAL TRAJECTORY STUDY OF THE K + C H 3 I  REACTION by R. A. LaBudde, 
P. J .  Kuntz, R. B. E e r n s t e i n ,  and R. D. Levine 
WIS-TCI-498 (suppor ted  by NASA) 
T h i s  manuscr ip t  has  been accepted 
Chemical Phys ic s  

1 August 1973 
f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of 

ABSTMCT 

C l a s s i c a l  t r a j e c t o r y  c a l c u l a t i o n s  have been c a r r i e d  out  i n  an a t t e m p t  

t o  s i m u l a t e  t h e  r e a c t i v e  s c a t t e r i n g  of K by R I  (R : CH3) . S e v e r a l  

semi-empir ica l  3-body p o t e n t i a l  s u r f a c e s  have been explored .  An 

1 -  . 
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- electron-jump surface of the covalent-ionic t 'be, w i t h  considerable 

"repuleive energy release," accounts for most of the gross features of 

. the scattering behavior. In particular, it h3s provided an understanding 

Gf the maximum in the reactive cross section for the exchange 

reaction, which can be attributed to recrossing from the ionic to the 

covalent region of the potential. 

the onset (above 2.5 eV) of collision-induced dissociation (CID), and 

show the conservation of total reaction cross section as CID takes over 

from the exchange reaction. 

cR(E) 

Tha present calculations also predict: 

MOLECULAR COLLISIONS XXI. SEMICLASSICAL APPROXIYATION TO ATOM-SYIDEETRIC 
TOP ROTATIONAL EXCITATION by Dennis Russell and C. F. Curtiss 
WIS-TCI-499 (supported by NASA and NSF) 24 August 1973 
This manuscript has been accepted for publication in the Journal of 
Chemical Physics 

ABSTRACT 

In Paper XIX of this series a distorted wave approximation t o  the T 

matrix for atom-symmetric top scattering was developed which is correct 

to first order in the part of the interaction potential responsible for 
. 

transitions in the component of rotational angular momentum along tho 

symmetry axis of the top. A semiclassical expression for this T matrix 

is derived by assuming large values of orbital and rotational angular 

momentum quantum numbers. 
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DEGENERATE R-S PERTURBATION THEORY by Joseph  0. H i r s c h f e l d e r  and 
P h i l l i p  R. C e r t a i n  
WIS-TCI-500 (suppor ted  by NASA and NSF) 1 0  August 1973 
T h i s  manuscr ip t  has  been accepted  
Chemical Phys ic s  

f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of 

ABSTRACT 

A c o n c i s e ,  s y s t e m a t i c  procedure  i s  g iven  f o r  de te rmining  t h e  

Rayleigh-Schrijdinger e n e r g i e s  and wavefunct ions  of degei ierate  states t o  

a r b i t r a r i l y  h igh  o r d e r s  even when t h e  d c g m c r a c i e s  of t h e  v a r i o u s  states 

are r e s o l v e d  i n  a r b i t r a r y  o r d e r s .  The procedure  i s  expressed  i n  terms of 

an i t e r a t i v e  c y c l e  i n  which t h e  energy through t h e  ( 2 n S l ) s t  o r d e r  i s  

expres sed  i n  t e r m s  of  t h e  p a r t i a l l y  determined wavefunct ion through t h e  

n- th  o r d e r .  Both a d i r e c t  and an o p e r a t o r  d e r i v a t i o n  are  g iven .  The two 

approaches  are e q u i v a l e n t  and can be t r a n s c r i b e d  i n t o  each o t h e r .  

d i r e c t  approach d e a l s  w i t h  t h e  wavefunct ions  (wi thout  t h e  use  of formal  

o p e r a t o r s )  and has  t h e  advantage t h a t  i t  resembles  t h e  u s u a l  t r ea tmen t  of 

non-degenerate  p e r t u r b a t i o n s  and ma in ta ins  c l o s e  c o n t a c t  w i t h  t h e  b a s i c  

p h y s i c s .  

of i n f i n i t e  o r d e r  o p e r a t o r s  which are determined by t h e  s u c c e s s i v e  r e s o l u t i o n  

of t h e  space  of  t h e  z e r o t h  o r d e r  f u n c t i o n s .  The o p e r a t o r  t r ea tmen t  h a s  some 

s i m i l a r i t y  t o  t h a t  of Choi (1969), but  i t  i s  more c l o s e l y  r e l a t e d  t o  t h a t  of 

e i t h e r  H i r s c h f e l d e r  (1969) o r  Si lvers tone-Holloway (1971) .  The o p e r a t o r  

e x p r e s s i o n s  are u s e f u l  f o r :  double  p e r t u r b a t i o n s ,  e x p e c t a t i o n  v a l u e s  of 

p h y s i c a l  p r o p e r t i e s ,  and problems i n v o l v i n g  f i n i t e  d imens iona l  H i l b e r t  space  

The 

I n  t h e  o p e r a t o r  approach, t h e  wavefunct ions  are expressed  i n  terms 

( f o r  example, wavefunct ions approximated by l i n e a r  basis s e t s ) .  

v a r i a t i o n a l  p r i n c i p l e s  f o r  degene ra t e  p e r t u r b a t i o n  Troblems i s  d i scussed .  

The u s e  of 
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ADDITIONAL PUBLICATIONS DURING THE P E R I O D  

1 J U L Y  3973 - 3 1  DECEMBER 1973 

EHRENFEST 'S  THEOREM AND THE (GENERALIZED) TRK SUM RULE FOR VARIATIONAL 

by S a u l  T .  E p s t e i n  
J. Chem.  Phys. - 58, 5184-5135 (1973) 

ON THE D I P O L E  MOMENT O F  CO+ 
by P h i l i i p  R. C e r t a i n  and R. C l a u d e  GJoods 
J. Chem.  Phys.  - 58, 5837-5838 (1973) 

WAVEFUNCTIONS 

EXTENDED DIATOMICS I N  NOLECULES CALCULATIONS 
by E. S te iner ,  P ,  R .  C e r t a i n ,  and P. J. K u n t z  
J. C h e m .  Phys. - 59, 47-55 (1973) 

C-ALCULATIONS AND E S T I N A T E S  O F  THE GROUND STATE ENERGY O F  E E L I U M  T R I t l E R S  
by L. W. B r u c h  and I a n  J . M c G e e  
J .  C h e m .  Phys. - 59, 409-413 (1973) 

MOLECULAR C O L L I S I O N S .  X I X .  THE DISTORTED WAVE APPROXIMATION TO 

by D e n n i s  R u s s e l l  and C.  F. C u r t i s s  
J .  Chem.  Phys. - 59, 1974-1983 (1973) 

ATOM-RIGID S Y F D E T R I  C TOP ROTATIONAL EXCITATION 

ELECTROSTATIC HELLMANY-FEYNMAN THEOREM A P P L I E D  T O  LONG-RANGE INTERATOMIC 
FORCES. THE HYDROGEN NOLECULE 
by E r i c h  Steiner 
J .  Chem.  Phys.  59 2427-2429 (1973) 

- 9  

DOPPLER BROADENING E F F E C T  ON C O L L I S I O N  CROSS S E C T I O N  FUNCTIONS: 
DECONVOLUTION OF THERMAL AVERAGING 
by R.  B. B e r n s t e i n  
C o m m e n t s  on A t o m i c  and Molecular Phys ics  43-51 (1973), V o l .  5, N o .  2 

ON THE NONITERATIVE SOLUTION OF INTEGRAL EQUATIONS FOR SCATTERING O F  
ELECTROMAGNETIC WAVES 
by D o n a l d  J .  K o u r i  
J. M a t h .  Phys - 14, 1116-1120 (1973) 

ANALYSIS O F  ENERGY D I S P O S A L :  THERMODYNAMIC ASPECTS O F  THE ENTROPY 
D E F I C I E N C Y  OF A PRODUCT STATE D I S T R I B U T I O N  
by R.  D. Levine and R.  B. B e r n s t e i n  
Chem. Phys. L e t t .  22, 217-221 (1973) 

C L A S S I C A L  STUDY OF ROTATIONAL E X C I T A T I O N  OF A R I G I D  ROTOR: 
CORRESPONDENCE WITH QUANTAL RESULTS 
by R.  A .  L a B u d d e  and R . B .  B e r n s t e i n  
J .  C h e m .  Thys. 59, 3687-3691 (1973) 

' 

+ 
L i  +% . I1 
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SUMI!fiRY OF EXPENDITURES AND UNLIQI!IDATED COMMITMENTS 

T h e o r e t i c a l  Chemistry I n s t i t u t e  P o r t i o n  of NASA Grant  NGL 50-002-001 

?. J u l y  1973 - 31 December 1973 

S a l a r i e s  

Computing Costs 

Trave  1 

Pub 1 i c a  t i o n s  

S e r v i c e s  

S u p p l i e s  

Communications 

Honorar ia  f o r  Consu l t ing  & L e c t u r i n g  

$25,066.83 

5,786.56 

----- 
3,625.29 

819.93 

346.99 

' 37.50 

339.06 

T o t a l  Direct Cos ts  

Over h ea  d 
* 

$36,022.16 

7 ,204.43  . 
T o t a l  Costs 
- - - - -  
* 

20% of  T o t a l  Direct Cos ts  

$43,226.59 


